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Background Peri-natal asphyxia and resulting hypoxic ischemic encephalopathy (HIE) occur in 1 to 3 per 1000 births in the United States. It is characterized by the need for resuscitation at birth, neurological depression, seizures as well as electroencephalographical abnormalities. Hypoxic-ischemic encephalopathy is the major cause of encephalopathy in the neonatal period and represents a major cause of mortality and long-term morbidity in affected infants. Until recently, management of a newborn with HIE has consisted mainly of supportive care to restore and maintain cerebral perfusion, provide adequate gas exchange and treat seizures with anti-convulsants. Recent randomized controlled trials (RCTs) have shown that mild therapeutic hypothermia (TH) initiated within 6 hrs of birth reduces death as well as neurodevelopmental disabilities at 18 months of age in surviving infants. Cooling can be accomplished through total body cooling (TBC, also known as whole-body cooling) or selective head cooling (SHC). Meta-analysis of these trials suggested that for every 6 or 7 infants with moderate to severe HIE who are treated with mild hypothermia, there will be 1 fewer infant who dies or has significant neurodevelopmental disability. In response to this evidence, major policy makers and guideline developers have recommended that cooling therapy be offered to infants with moderate to severe HIE (Selway 2010; Pfister and Soll, 2010) .
In a multi-center RCT, Gluckman and colleagues (2005) examined if delayed head cooling can improve neurodevelopmental outcome in babies with neonatal encephalopathy. A total of 234 term infants with moderate to severe neonatal encephalopathy and abnormal amplitude integrated electroencephalography (aEEG) were randomly assigned to either head cooling for 72 hrs, within 6 hrs of birth, with rectal temperature maintained at 34 to 35 degrees C (n = 116), or conventional care (n = 118). Primary outcome was death or severe disability at 18 months. Analysis was by intention-to-treat. These investigators examined in 2 pre -defined subgroup analyses the effect of hypothermia in babies with the most severe aEEG changes before randomization --i.e., severe loss of background amplitude, and seizures --and those with less severe changes. In 16 babies, follow-up data were not available. Thus, in 218 infants (93 %), 73/110 (66 %) allocated conventional care and 59/108 (55 %) assigned head cooling died or had severe disability at 18 months (odds ratio 0.61; 95 % confidence interval [CI]: 0.34 to 1.09, p = 0.1). After adjustment for the severity of aEEG changes with a logistic regression model, the odds ratio for hypothermia treatment was 0.57 (0.32 to 1.01, p = 0.05). No difference was noted in the frequency of clinically important complications. Pre-defined subgroup analysis suggested that head cooling had no effect in infants with the most severe aEEG changes (n = 46, 1.8; 0.49 to 6.4, p = 0.51), but was beneficial in infants with less severe aEEG changes (n = 172, 0.42; 0.22 to 0.80, p = 0.009). These data suggested that although induced head cooling is not protective in a mixed population of infants with neonatal encephalopathy, it could safely improve survival without severe neurodevelopmental disability in infants with less severe aEEG changes. Shankaran et al (2005) conducted a randomized trial of hypothermia in infants with a gestational age of at least 36 weeks who were admitted to the hospital at or http://qawww.aetna.com/cpb/medical/data/800_899/0812_draft.html 12/08/2014 before 6 hrs of age with either severe acidosis or peri-natal complications and resuscitation at birth and who had moderate or severe encephalopathy. Infants were randomly assigned to usual care (control group) or whole-body cooling to an esophageal temperature of 33.5 degrees C for 72 hrs, followed by slow rewarming (hypothermia group Development II (p = 0.03 for each) and the Gross Motor Function Classification System (p = 0.01). Improvements in other neurological outcomes in the cooled group were not significant. Adverse events were mostly minor and not associated with cooling. The authors concluded that induction of moderate hypothermia for 72 hrs in infants who had peri-natal asphyxia did not significantly reduce the combined rate of death or severe disability but resulted in improved neurological outcomes in survivors. Rutherford et al (2010) ascertained the effect of TH on neonatal cerebral injury. These researchers assessed cerebral lesions on magnetic resonance imaging (MRI) scans of infants who participated in the Total TOBY trial. In the TOBY trial, HIE was graded clinically according to the changes seen on amplitude integrated EEG, and infants were randomly assigned to intensive care with or without cooling. The relation between allocation to hypothermia or normothermia and http://qawww.aetna.com/cpb/medical/data/800_899/0812_draft.html 12/08/2014 cerebral lesions was assessed by logistic regression with peri-natal factors as covariates, and adjusted odds ratios (ORs) were calculated. A total of 325 infants were recruited in the TOBY trial. Images were available for analysis from 131 infants. Therapeutic hypothermia was associated with a reduction in lesions in the basal ganglia or thalamus (OR 0.36, 95 % CI: 0.15 to 0.84; p = 0.02), white matter (0.30, 0.12 to 0.77; p = 0.01), and abnormal posterior limb of the internal capsule (0.38, 0.17 to 0.85; p = 0.02). Compared with non-cooled infants, cooled infants had fewer scans that were predictive of later neuromotor abnormalities (0.41, 0.18 to 0.91; p = 0.03) and were more likely to have normal scans (2.81, 1.13 to 6.93; p = 0.03). The accuracy of prediction by MRI of death or disability to 18 months of age was 0.84 (0.74 to 0.94) in the cooled group and 0.81 (0.71-0.91) in the noncooled group. The authors concluded that TH decreases brain tissue injury in infants with HIE. The predictive value of MRI for subsequent neurological impairment is not affected by TH. Lando et al (2010) studied the effects of induced hypothermia in infants born with HIE. This retrospective study comprised data from medical records of newborn children born with HIE during a period of 32 months. Relevant data for cooling were recorded. Structured neurological examinations were carried out on survivors when they were 10 and/or 18 months old. A total of 32 infants fulfilled the criteria for cooling, the incidence being 0.4/1000 births. Twenty infants were cooled for 72 hrs. Eleven infants had cooling discontinued before 72 hrs because of their grave prognosis. One infant had cooling discontinued because of pulmonary hypertension. Most infants were cooled before 6 hrs of age (median of 4 hrs). The mortality rate was 41 %. A total of 45 % were cooled without being placed in a ventilator. The side effects were of no major concern. Eight children had a neurological follow-up. One child had developed cerebral palsy and 2 children suffered delayed development. Total body cooling was carried out before 6 hrs of age in the vast majority of infants born with HIE. Side effects were of less concern. Respiratory support with a ventilator could be avoided in 45 % of the infants cooled for 72 hrs; the mortality rate was 41 %. Simbruner et al (2010) noted that mild hypothermia after peri-natal HIE reduces neurological sequelae without significant adverse effects, but studies are needed to determine the most-efficacious methods. In the neo.nEURO.network trial, term neonates with clinical and electrophysiological evidence of HIE were assigned randomly to either a control group, with a rectal temperature of 37°C (range of 36.5 to 37.5°C), or a hypothermia group, cooled and maintained at a rectal temperature of 33.5°C (range of 33 to 34°C) with a cooling blanket for 72 hrs, followed by slow re-warming. All infants received morphine (0.1 mg/kg) every 4 hrs or an equivalent dose of fentanyl. Neurodevelopmental outcomes were assessed at the age of 18 to 21 months. The primary outcome was death or severe disability. A total of 129 newborn infants were enrolled, and 111 infants were evaluated at 18 to 21 months (53 in the hypothermia group and 58 in the normothermia group). The rates of death or severe disability were 51 % in the hypothermia group and 83 % in the normothermia group (p = 0.001; OR: 0.21 [95 % CI: 0.09 to 0.54]; number needed to treat (NNT): 4 [95 % CI: 3 to 9]). Hypothermia also had a statistically significant protective effect in the group with severe HIE (n = 77; p = 0.005; OR: 0.17 [95 % CI: 0.05 to 0.57]). Rates of adverse events during the intervention were similar in the 2 groups except for http://qawww.aetna.com/cpb/medical/data/800_899/0812_draft.html 12/08/2014 fewer clinical seizures in the hypothermia group. The authors concluded that systemic hypothermia in the neo.nEURO.network trial showed a strong neuroprotective effect and was effective in the severe HIE group.
Sarkar et al (2009) compared the multi-organ dysfunction in infants receiving TH induced by either SHC or TBC. In 59 asphyxiated newborns who received TH by either SHC (n = 31) or TBC (n = 28), the severity of pulmonary, hepatic and renal dysfunction and coagulopathy and electrolyte disturbances were assessed before the start of cooling (baseline), and at specific time intervals (24, 48 and 72 hrs) throughout cooling. Enrollment criteria, clinical monitoring and treatment during cooling, whether SHC or TBC, were similar, as reported earlier. The presence of clinical respiratory distress, along with the need for ventilatory support for varying duration during cooling, was similar in both the TBC and SHC groups (100 % versus 94 %, p = 0.49, OR 1.9, 95 % CI: 1.5 to 2.5). The use of fresh frozen plasma and platelet transfusion to treat coagulopathy and thrombocytopenia was similar (TBC 48 % versus SHC 58 %, p = 0.59, OR 0.7, 95 % CI: 0.2 to 1.9, and TBC 41 % versus SHC 32 %, p = 0.58, OR 1.4, 95 % CI: 0.5 to 4.2, respectively), and equivalent numbers of infants from both groups were treated with vasopressors for greater than 24 hrs (TBC 59 % versus SHC 55 %, p = 0.79, OR 1.2, 95 % CI: 0.4 to 3.4). The incidence of oliguria (urine output less than 0.5 ml/kg/hr for greater than 24 hrs after birth) and rising serum creatinine (with maximum serum creatinine greater than 0.9 mg/dl) was also similar (TBC 18 % versus SHC 39 %, p = 0.15, OR 0.4, 95 % CI: 0.1 to 1.3, and TBC 48 % versus SHC 58 %, p = 0.59, OR 0.7, 95 % CI: 0.2 to 1.9, respectively). Laboratory parameters to assess the differential effect of TBC versus SHC on multi-organ dysfunction during 72 hrs of cooling, which include serum transaminases (serum aspartate aminotransferase and alanine aminotransferase), prothrombin time, partial thromboplastin time, international normalized ratio (INR), platelet counts, serum creatinine, serum sodium, serum potassium and serum calcium, were similar between the groups at the initiation of cooling and did not differ with the method of cooling. The authors concluded that multi-organ system dysfunction in asphyxiated newborns during cooling remains similar for both cooling methods. Concerns regarding a differential effect of TBC versus SHC on multi-organ dysfunction, other than of the brain, should not be a consideration in selecting a method to produce therapeutic hypothermia.
In a multi-center RCT, Zhou et al (2010) thrombocytopaenia. The authors concludedthat there is evidence from the 8 RCTs included in this systematic review (n = 638) that TH is beneficial to term newborns with HIE. Cooling reduces mortality without increasing major disability in survivors. The benefits of cooling on survival and neurodevelopment outweigh the short-term adverse effects. However, this review comprised an analysis based on less than 50 % of all infants currently known to be randomized into eligible trials of cooling. Incorporation of data from ongoing and completed randomised trials (n = 829) will be important to clarify the effectiveness of TH and to provide more information on the safety of TH, but could also alter these conclusions.
In a meta-analysis, Edwards et al (2010) examined if moderate hypothermia after HIE in neonates improves survival and neurological outcome at 18 months of age. Studies were identified from the Cochrane central register of controlled trials, the Oxford database of peri-natal trials, PubMed, previous reviews, and abstracts. Reports that compared TBC or SHC with normal care in neonates with HIE and that included data on death or disability and on specific neurological outcomes of interest to patients and clinicians were selected. These researchers found 3 trials, encompassing 767 infants, that included information on death and major neurodevelopmental disability after at least 18 months' follow-up. They also identified 7 other trials with mortality information but no appropriate neurodevelopmental data. Therapeutic hypothermia significantly reduced the combined rate of death and severe disability in the 3 trials with 18 month outcomes (RR 0.81, 95 % CI: 0.71 to 0.93, p = 0.002; RD -0.11, 95 % CI: -0.18 to -0.04), with a NNT of 9 (95 % CI: 5 to 25). Hypothermia increased survival with normal neurological function (RR 1.53, 95 % CI: 1.22 to 1.93, p < 0.001; RD 0.12, 95 % CI: 0.06 to 0.18), with a NNT of 8 (95 % CI: 5 to 17), and in survivors reduced the rates of severe disability (p = 0.006), cerebral palsy (p = 0.004), and mental and the psychomotor developmental index of less than 70 (p = 0.01 and p = 0.02, respectively). No significant interaction between severity of encephalopathy and treatment effect was detected. Mortality was significantly reduced when these investigators assessed all 10 trials (1320 infants; RR 0.78, 95 % CI: 0.66 to 0.93, p = 0.005; RD -0.07, 95 % CI: -0.12 to -0.02), with a NNT of 14 (95 % CI: 8 to 47). The authors concluded that in infants with HIE, moderate hypothermia is associated with a consistent reduction in death and neurological impairment at 18 months.
In a systematic review and meta-analysis, Shah (2010) analyzed 13 clinical trials published to date on TH for the treatment of HIE. Therapeutic hypothermia was associated with a highly reproducible reduction in the risk of the combined outcome of mortality or moderate-to-severe neurodevelopmental disability in childhood. This improvement was internally consistent, as shown by significant reductions in the individual risk for death, moderate-to-severe neurodevelopmental disability, severe cerebral palsy, cognitive delay, and psychomotor delay. Patients in the TH group had higher incidences of arrhythmia and thrombocytopenia; however, these were not clinically important. This analysis supports the use of TH in reducing the risk of the mortality or moderate-to-severe neurodevelopmental disability in infants with moderate HIE. Perlman (2006) stated that recent evidence suggested a potential role for modest hypothermia administered to high-risk term infants within 6 hrs of birth. Either http://qawww.aetna.com/cpb/medical/data/800_899/0812_draft.html 12/08/2014 SHC or TBC reduces the incidence of death and/or moderate to severe disability at 18-month follow-up. Additional strategies --including the use of oxygen free radical inhibitors and scavengers, excitatory amino acid antagonists, and growth factors; prevention of nitric oxide formation; and blockage of apoptotic pathways --have been evaluated experimentally but have not been replicated in a systematic manner in the human neonate. Other avenues of potential neuroprotection that have been studied in immature animals include adenosinergic agents, erythropoietin, insulinlike growth factor-1, monosialoganglioside GM1, and platelet -activating factor antagonists.
In a randomized, prospective study, Zhu and colleagues (2009) assessed the safety and effectiveness of erythropoietin in neonatal HIE. A total of 167 term infants with moderate/severe HIE were assigned randomly to receive either erythropoietin (n = 83) or conventional treatment (n = 84). Recombinant human erythropoietin, at either 300 U/kg body weight (n = 52) or 500 U/kg (n = 31), was administered every other day for 2 weeks, starting less than 48 hrs after birth. The primary outcome was death or disability. Neurodevelopmental outcomes were assessed at 18 months of age. Complete outcome data were available for 153 infants; 9 patients dropped out during treatment, and 5 patients were lost to followup monitoring. Death or moderate/severe disability occurred for 35 (43.8 %) of 80 infants in the control group and 18 (24.6 %) of 73 infants in the erythropoietin group (p = 0.017) at 18 months. The primary outcomes were not different between the 2 erythropoietin doses. Subgroup analyses indicated that erythropoietin improved long-term outcomes only for infants with moderate HIE (p = 0.001) and not those with severe HIE (p = 0.227). No negative hematopoietic side effects were observed. The authors concluded that repeated, low-dose, recombinant human erythropoietin treatment reduced the risk of disability for infants with moderate HIE, without apparent side effects. The findings of this preliminary study need to be validated by a larger clinical trial. Cilio and Ferriero (2010) noted that with the advent of hypothermia as therapy for term HIE, there is hope for repair and protection of the brain after a profound neonatal insult. However, it is clear from the published clinical trials and animal studies that hypothermia alone will not provide complete protection or stimulate the repair that is necessary for normal neurodevelopmental outcome. This review critically discusses drugs used to treat seizures after hypoxia-ischemia in the neonate with attention to evidence of possible synergies for therapy. In addition, other agents such as cannabinoids, erythropoietin, melatonin, N-acetylcysteine, and xenon were discussed as future potential therapeutic agents that might augment protection from hypothermia.
Wintermark and colleagues (2010) described placental findings in asphyxiated term newborns meeting TH criteria and examined if histopathological correlation exists between these placental lesions and the severity of later brain injury. These investigators conducted a prospective cohort study of the placentas of asphyxiated newborns, in whom later brain injury was defined by magnetic resonance imaging. A total of 23 newborns were enrolled. chorionic plate meconium were significantly associated with brain injury (p = 0.03). Placental growth restriction appears to significantly offer protection against the development of these injuries (p = 0.03). The authors concluded that TH may not be effective in asphyxiated newborns whose placentas show evidence of chorioamnionitis with fetal vasculitis and chorionic plate meconium.
Shankaran and colleagues (2011) examined the predictive validity of the amplitude -integrated electroencephalogram (aEEG) and stage of encephalopathy among infants with HIE eligible for therapeutic whole-body hypothermia. Neonates were eligible for this prospective study if moderate or severe HIE occurred at less than 6 hours and an aEEG was obtained at less than 9 hours of age. The primary outcome was death or moderate/severe disability at 18 months. There were 108 infants (71 with moderate HIE and 37 with severe HIE) enrolled in the study. Amplitude-integrated EEG findings were categorized as normal, with continuous normal voltage (n = 12) or discontinuous normal voltage (n = 12), or abnormal, with burst suppression (n = 22), continuous low voltage (n = 26), or flat tracing (n = 36). At 18 months, 53 infants (49 %) experienced death or disability. Severe HIE and an abnormal aEEG were related to the primary outcome with uni-variate analysis, whereas severe HIE alone was predictive of outcome with multi-variate analysis. Addition of aEEG pattern to HIE stage did not add to the predictive value of the model; the area under the curve changed from 0.72 to 0.75 (p = 0.19). The authors concluded that the aEEG background pattern did not significantly enhance the value of the stage of encephalopathy at study entry in predicting death and disability among infants with HIE.
Shankaran and colleagues (2012) previously reported early results of a randomized trial of whole-body hypothermia for neonatal HIE showing a significant reduction in the rate of death or moderate or severe disability at 18 to 22 months of age. These investigators reported long-term outcomes in this study. In the original trial, the authors assigned infants with moderate or severe encephalopathy to usual care (the control group) or whole-body cooling to an esophageal temperature of 33.5°C for 72 hours, followed by slow re-warming (the hypothermia group). They evaluated cognitive, attention and executive, and visuo-spatial function; neurologic outcomes; and physical and psychosocial health among participants at 6 to 7 years of age. The primary outcome of the present analyses was death or an IQ score below 70. Of the 208 trial participants, primary outcome data were available for 190. Of the 97 children in the hypothermia group and the 93 children in the control group, death or an IQ score below 70 occurred in 46 (47 %) and 58 (62 %), respectively (p = 0.06); death occurred in 27 (28 %) and 41 (44 %) (p = 0.04); and death or severe disability occurred in 38 (41 %) and 53 (60 %) (p = 0.03). Other outcome data were available for the 122 surviving children, 70 in the hypothermia group and 52 in the control group. Moderate or severe disability occurred in 24 of 69 children (35 %) and 19 of 50 children (38 %), respectively (p = 0.87). Attention-executive dysfunction occurred in 4 % and 13 %, respectively, of children receiving hypothermia and those receiving usual care (p = 0.19), and visuo-spatial dysfunction occurred in 4 % and 3 % (p = 0.80). The authors concluded that the rate of the combined end point of death or an IQ score of less than 70 at 6 to 7 years of age was lower among children undergoing whole-body hypothermia than among those undergoing usual care, but the differences were not significant. However, hypothermia resulted in lower death rates and did not increase the rates of a low IQ score or severe disability among survivors. These http://qawww.aetna.com/cpb/medical/data/800_899/0812_draft.html 12/08/2014 data extend the authors' previous support for the use of hypothermia in term as well as near-term infants with HIE.
In a Cochrane review, Chaudhari and McGuire (2012) examined the effect of allopurinol, a xanthine-oxidase inhibitor, on mortality and morbidity in newborn infants with HIE. These investigators used the standard search strategy of the Cochrane Neonatal Group. They searched the Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library, 2012, Issue 1), MEDLINE (1966 to March 2012 , EMBASE (1980 to March 2012 , CINAHL (1982 to March 2012 , conference proceedings, and previous reviews. Randomized or quasi-RCTs that compared allopurinol administration versus placebo or no drug in newborn infants with HIE wer selected for review. These researchers extracted data using the standard methods of the Cochrane Neonatal Review Group with separate evaluation of trial quality and data extraction by 2 review authors. They included 3 trials in which a total of 114 infants participated. In 1 trial, participants were exclusively infants with severe encephalopathy. The other trials also included infants with mild and moderately severe encephalopathy. These studies were generally of good methodological quality, but were too small to exclude clinically important effects of allopurinol on mortality and morbidity. Meta-analysis did not reveal a statistically significant difference in the risk of death (typical risk ratio 0.88; 95 % CI: 0.56 to 1.38; risk difference -0.04; 95 % CI: -0.18 to 0.10) or a composite of death or severe neurodevelopmental disability (typical risk ratio 0.78; 95 % CI: 0.56 to 1.08; risk difference -0.14; 95 % CI: -0.31 to 0.04). The authors concluded that the available data are insufficient to determine whether allopurinol has clinically important benefits for newborn infants with HIE. They stated that much larger trials are needed. Such trials could assess allopurinol as an adjunct to therapeutic hypothermia in infants with moderate and severe encephalopathy and should be designed to exclude important effects on mortality and adverse long -term neurodevelopmental outcomes.
In a Cochrane review, Wong et al (2013) between the magnesium and the control groups. The authors concluded that the improvement in short-term outcomes without significant increase in side effects indicated the need for further trials to determine if there are long-term benefits of magnesium and to confirm its safety. They noted that mortality was statistically insignificant between the magnesium and the control groups. However, the trend toward increase in mortality in the magnesium group is a major clinical concern and should be monitored closely in future trials.
Cotton and associates (2014) evaluated the feasibility and safety of providing autologous umbilical cord blood (UCB) cells to neonates with HIE. These investigators enrolled infants in the intensive care nursery who were cooled for HIE and had available UCB in an open-label study of non-cyropreserved autologous volume-and red blood cell-reduced UCB cells (up to 4 doses adjusted for volume and red blood cell content, 1-5 × 10(7) cells/dose). They recorded UCB collection and cell infusion characteristics, and pre-and post-infusion vital signs. As exploratory analyses, these researchers compared cell recipients' hospital outcomes (mortality, oral feeds at discharge) and 1-year survival with Bayley Scales of Infant and Toddler Development, 3rd edition scores greater than or equal to 85 in 3 domains (cognitive, language, and motor development) with cooled infants who did not have available cells. A total of 23 infants were cooled and received cells. Median collection and infusion volumes were 36 and 4.3 ml, respectively. Vital signs including oxygen saturation were similar before and after infusions in the first 48 post-natal hours. Cell recipients and concurrent cooled infants had similar hospital outcomes; 13 of 18 (74 %) cell recipients and 19 of 46 (41 %) concurrent cooled infants with known 1-year outcomes survived with scores greater than 85. The authors concluded that collection, preparation, and infusion of fresh autologous UCB cells for use in infants with HIE is feasible. Moreover, they stated that a randomized, double-blind, study is needed.
Gonzales-Portillo et al (2014) noted that treatments for neonatal HIE have been limited. These researchers offered translational research guidance on stem cell therapy for neonatal HIE by examining clinically relevant animal models, practical stem cell sources, safety and effectiveness of end-point assays, as well as a http://qawww.aetna.com/cpb/medical/data/800_899/0812_draft.html 12/08/2014 general understanding of modes of action of this cellular therapy. They discussed the clinical manifestations of HIE, high-lighting its overlapping pathologies with stroke and providing insights on the potential of cell therapy currently investigated in stroke, for HIE. These investigators drew guidance from recommendations outlined in stem cell therapeutics as an emerging paradigm for stroke or STEPS, which have been recently modified to Baby STEPS to cater for the "neonatal" symptoms of HIE. These guidelines recognized that neonatal HIE exhibit distinct disease symptoms from adult stroke in need of an innovative translational approach that facilitates the entry of cell therapy in the clinic. The authors provided new information about recent clinical trials and insights into combination therapy with the vision that stem cell therapy may benefit from available treatments, such as hypothermia, already being tested in children diagnosed with HIE.
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